Patients with PD who participated in the above study were aged 50 years or older and were capable of walking 10 m unassisted. It has been speculated that, in addition to these patients with PD, other patients with more mild or severe symptoms may also require assistive devices.
Because Kegelmeyer et al. (2013) analyzed only the kinematic factors of gait, additional studies are needed to examine the distribution of foot pressure on the ground during gait because using assistive devices during gait would inevitably cause changes in foot pressure, which is in turn an important predictor of the risk of falling. Furthermore, as PD patients display severe gait deviations, examining coefficients of variation (CVs) during gait in patients using assistive devices could be conducive to identifying predictors of falls. The present study was conducted with the acknowledgement that the limitations of existing studies should be addressed via more systematic assessments of various gait assistive devices. The objective of this study was to identify the effects of assistive devices on patients with PD.
METHODS

Participants
Fifteen patients with PD in Hoehn and Yahr stage 3 (age: 62.3 ± 3.8 years; height: 167.3 ± 6.9 cm; weight: 65.3 ± 6.7 kg; time since onset: 6.5 ± 1.3 years) were enrolled in the study after obtaining informed consent from their guardians and physicians. In addition to having PD, the inclusion criteria were as follows: ability to walk unassisted; no angina pectoris or abnormal blood pressure; no complications such as neurologic impairment or an epileptic disorder; and no progressive inflammatory arthritis.
Measurements
The GAITRite system (CIR Systems Inc., Peekskill, NY, USA), the reliability and validity of which have been verified, was used to objectively assess spatiotemporal variables of gait and distribution of foot pressure (McDonough, Batavia, Chen, Kwon & Ziai, 2001 ). The GAITRite system is an electronic walkway (total area: 488 × 61 cm; active sensor area: 366 × 61 cm) with 48 × 384 sensors per 1.27 cm of diameter (total: 18,432 sensors). When the participant walks on the carpet, the sensors detect foot pressure and transmit the data to a computer connected via a serial interface cable. This system is portable and can be installed anywhere with a flat surface. One of the advantages of this system is that it is highly convenient, providing accurate and objective measurements even with just one walk (Kim, Choi & Lim, 2011) .
Procedure
Before measuring, all examiners were trained regarding contents, time, and methods pertaining to the measurements. Particularly, to ensure consistency, one examiner was assigned to each parameter when measuring patients' height, body weight, and lower extremity length.
Furthermore, we scheduled appointments flexibly in consideration of the distance patients had to travel to the lab to minimize waiting for an examination.
The participants took their medications 2 hours before the examination. We provided adequate explanations regarding the experimental procedure as well as demonstrations to all participants. They were also given one or two practice sessions. All measurements were taken with the patients barefoot. From approximately 5 m in front of the gait carpet, the participants began walking upon an oral cue until approximately 5 m past the gait carpet.
Because the participants of this study were in Hoehn and Yahr stage 3, controlling gait speed would have hindered natural gait motions and increased the risk of falling. Hence, the participants were told to walk at their most comfortable speed and were encouraged to maintain a consistent speed. This process was repeated three to five times, and three sessions with data closest to the mean were used for analysis. For safety and behavioral management, one examiner was instructed to walk along the participants within a range that would not directly interfere with the participants' gait.
A physical therapist (the research assistant of this study) trained the participants to walk using the gait assistive devices before the experi- 
Data processing
The acquired spatiotemporal and foot pressure distribution data were processed with the GAITRite software (version 3.2b). The definition of variables and calculation methods suggested by Kim et al. (2011) and Titanova et al. (2004) were used in this study. The functional ambulation 
KJSB
Evaluation of Gait Assistive Devices in Patients with Parkinson's Disease 311
http://e-kjsb.org profile, which was not defined in the studies cited here, is a parameter that enables researchers to objectively distinguish differences between healthy controls and patients (Kim et al., 2013) . It is calculated based on the data obtained from the GAITRite system and patients' physical measurements. The CV was computed by dividing the standard deviation by the arithmetic mean (Kegelmeyer et al., 2013) .
Statistical analysis
The objective of this study was to identify the effects of gait assistive devices on gait in 15 patients aged 50 years or older diagnosed with PD in Hoehn and Yahr stage 3. The study model was a one-way repeatedmeasures within-subject design with the use of a gait assistive device (three factors: use of a gait assistive device or use of a cane or twowheel walker) as the independent variable. The dependent variables were spatiotemporal variables of gait (step time, swing time, step length, step width, and toe-out angle) and foot pressure distribution variables.
One-way analysis of variance was used to verify the differences in means among the study groups, and when a significant difference was shown, Tukey's test was performed as post hoc analysis. SPSS for Windows version 21.0 was used for the statistical analysis, and the significance level for hypothesis verification was α = 0.05. Table 1 shows the spatiotemporal variables of gait in PD patients using different gait assistive devices.
RESULTS
Spatiotemporal variables
There was a statistically significant difference in double support time (p = 0.000) among the temporal variables of gait. Post hoc analysis showed that patients using a cane or walker had a longer double support time compared with those who did not. There was a statistical difference in swing time (p = 0.000). Post hoc analysis showed that patients not using a gait assistive device had a longer swing time than those using a walker.
There was a statistically significant difference in distance between heels (p = 0.001). Post hoc analysis revealed that patients using a cane or a walker had a longer distance than those not using a gait assistive device. There was a statistically significant difference in cadence (strides per minute) (p = 0.002), and post hoc analysis showed that patients not using a gait assistive device had a greater cadence than patients using a walker. There was a statistically significant difference in velocity (p = 0.000). Post hoc analysis revealed that patients not using a gait assistive device had faster gaits than those using a cane or walker, and patients using a cane walked faster than those using a walker. There was a statistically significant difference in standardized velocity (p = 0.000). Post Step velocity (m/sec) 1.11 (0.24) 0.96 (0.25) 1.14 (0.23) 0.228
Step 
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Korean Journal of Sport Biomechanics hoc analysis showed that patients not using a gait assistive device walked faster than patients using a cane or walker, and patients using a cane walked faster than those using a walker. There was a statistically significant difference in stride length (p = 0.000). Post hoc analysis showed a greater stride length in patients not using a gait assistive device compared with patients using a cane or walker and a greater stride length in patients using a cane compared with patients using a walker. Table 2 shows the distribution of foot pressure in the gaits of PD patients using different assistive devices. There was a statistically significant intergroup difference in lateral zone 5 (p = 0.038) in peak pressure time. Post hoc analysis showed that the time to peak pressure was prolonged in patients using a walker compared with that in patients not using a gait assistive device or using a cane. There was a statistically significant intergroup difference in time to peak pressure in lateral zone 6 (p = 0.047). Post hoc analysis showed that the time to peak pressure was prolonged in patients using a walker compared with that in patients not using a gait assistive device or patients using a cane. Furthermore, there was a statistically significant intergroup difference medial zone 11 (p = 0.047). Post hoc analysis showed that time to peak pressure was prolonged in patients using a walker compared with that in patients not using a gait assistive device or patients using a cane. Table 3 shows the sum of pressures in each area, active area, and peak pressure during gaits of PD patients using different assistive devices.
Foot pressure
There was a statistically significant intergroup difference in pressure × time in the mid foot (p = 0.048), and post hoc analysis showed that pressure × time was greater in patients not using a gait assistive device and or using a cane than in patients using a walker. Table 4 shows the CV of gait variables in patients using different assistive devices. There was a statistically significant intergroup difference in the CV of step time (p = 0.037). Post hoc analysis showed that patients using a walker had a lower CV than patients using a cane. There was a statistically significant intergroup difference in the CV of stride length (p = 0.041). Post hoc analysis showed that patients using a walker and patients not using a gait assistive device had a lower CV than patients using a cane. There was a statistically significant intergroup difference in the CV of swing time (p = 0.029). Post hoc analysis showed that patients using a walker had a lower CV than patients using a cane. There was no statistically significant difference in the CV of double support two-wheeled walker: 3. 
DISCUSSION
Assessment of various gait assistive devices for patients with PD would provide useful information for clinicians when recommending assistive devices for the PD patients and their guardians. The objective of this study was to identify the effects of gait assistive devices in PD patients.
Our findings showed that double support time was longer in patients using a cane or a walker than in patients not using a gait assistive device.
This is a result of the additional force required for handling a cane or a walker owing to the added weight (Kegelmeyer et al., 2013) . In patients not using a gait assistive device, an increase of support time is generally a marker of an elevated risk of falling, as it indicates reduced balance (Chamberlin, Fulwider, Sanders & Medeiros, 2005; Kegelmeyer et al., 2013) , however, an increase of support time in patients using assistive devices stabilizes gait motions, thereby preventing falls.
Gait velocity and standardized velocity were lower in patients using a cane or walker than in patients not using a gait assistive device, and the same parameters were lower in patients using a walker than in those using a cane. Furthermore, stride length was shorter in patients using a cane or walker than in patients not using a gait assistive device and was shorter in patients using a walker than in patients using a cane.
The reason for this result is that the two wheels on a walker pose additional challenges in the smooth handling of a walker, and using assistive devices, such as a cane or walker, requires the user to perform two tasks simultaneously (i.e., walking and handling an assistive device that requires careful attention) (Mahoney, Euhardy & Carnes, 1992) . In a study that examined the effects of the severity of PD on gait, Kim et al. (2013) reported that patients in Hoehn and Yahr stage 3 walked more slowly with shorter step length and wider step width but with greater toe-out angle than patients in Hoehn and Yahr stage 1 or 2 (Kim, Kim, Moon & Lim, 2014 ). As we examined only patients in Hoehn and Yahr stage 3, future studies should survey the differences in the effects of gait assistive devices varying stages of PD.
In terms of foot pressure distributions, patients using a walker showed a peak pressure at a later time than patients not using a gait assistive device or patients using a cane in lateral zones 5 (p = 0.038) and 6 (p = 0.047) as well as medial zone 11 (p = 0.047). This is presumed to be because although handling a walker poses an additional burden on the user compared with handling a cane or not using an assistive device for walking, a walker stabilizes the user's gait by promoting efficient use of the muscles for landing the foot and thrusting for take-off.
The CV for step time, stride length, and swing time were lower in patients using a walker than in patients using a cane. This provides important clinical implications because based on the previous finding that higher CV increases the risk for falls (Verghese, Holtzer, Lipton & Wang, 2009; Kegelmeyer et al., 2013 , and the low CV in patients using a two-wheeled walker signifies that it has reduced the risk of falling.
Preventing falls is an important concern for patients with PD. Clinicians need to deliver useful information to patients regarding the use of assistive devices. The findings of our study suggest that using a twowheeled walker lowers the risk of falling. Future studies should not only investigate additional motion tasks, such as changing directions, but also perform longitudinal analysis to identify the effects of the longterm use of assistive devices.
CONCLUSION
The objective of this study was to identify the effects of gait assistive devices in patients with PD. We found that double support time was longer in patients using a cane and patients using a walker than in patients not using a gait assistive device. Gait velocity and standardized velocity were lower in patients using a cane or a walker than in patients not using a gait assistive device and lower in patients using a walker than in patients using a cane. Stride length was shorter in patients using a cane or a walker than in patients not using a gait assistive device and shorter in patients using a walker than in patients using a cane. Furthermore, the CV for step time, stride length, and swing time was lower in patients using a walker than in patients using a cane. In conclusion, twowheel walkers presented the most consistent advantages in preventing the risk of falling. 
